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Supplementary Information 
 

Supplementary Table 1. Information on fundsalphaviruses and fundsbetaviruses 
 

Virus Fungus phylum 
Fungus species 
(abbreviation) 

Accession No. 
Virus copy 

No. 
DNAP Position 

Fundsalphavirus Neocallimastigomycota Neocallimastix 
californiae (Neo_cal) 

GCA_002104975.1 1 MCOG01000005.1_727220-
727735     

2 MCOG01000112.1_393-1206 
    

3 MCOG01000149.1_384862-
384638     

4 MCOG01000331.1_171535-
170315     

5 MCOG01000452.1_67957-69018 
    

6 MCOG01000524.1_43418-42306 
    

7 MCOG01000549.1_40523-41719 
    

8 MCOG01000566.1_40848-39946 
    

9 MCOG01000572.1_150-1328 
    

10 MCOG01000618.1_15743-16924 
    

11 MCOG01000648.1_20085-19729 
    

12 MCOG01000665.1_4185-5024 
    

13 MCOG01000753.1_4977-6113 
    

14 MCOG01000764.1_5534-6112 
    

15 MCOG01000869.1_1652-471 
    

16 MCOG01000891.1_3820-4932 
    

17 MCOG01000937.1_5753-6934 
    

18 MCOG01001255.1_12283-11163 
    

19 MCOG01001348.1_5060-6172 
    

20 MCOG01001403.1_10005-9517 
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21 MCOG01001412.1_10066-9453 

    
22 MCOG01001593.1_1675-599 

    
23 MCOG01001603.1_6842-6093 

    
24 MCOG01001608.1_6791-6055 

    
25 MCOG01001719.1_4122-4502 

    
26 MCOG01001761.1_2825-1662 

  
Piromyces finnis 

(Pir_fin) 
GCA_002104945.1 1 MCFH01000019.1_631779-

631555     
2 MCFH01000063.1_79043-77322 

    
3 MCFH01000069.1_221525-

220380     
4 MCFH01000083.1_112059-

110575     
5 MCFH01000089.1_115070-

116563     
6 MCFH01000089.1_61193-62587 

  
Anaeromyces robustus 

(Ana_rob) 
GCA_002104895.1 1 MCFG01000208.1_45763-44228 

    
2 MCFG01000243.1_83698-81851 

    
3 MCFG01000387.1_13696-12551 

    
4 MCFG01000494.1_10398-8269 

  
Piromyces sp. E2 (Pir_ 

E2) 
GCA_002157105.1 1 KZ150781.1_166785-168551 

    
2 KZ151082.1_44419-43901 

    
3 KZ151426.1_6775-7554 

    
4 KZ151806.1_3433-4230 

  
Pecoramyces 

ruminatium (Pec_rum) 
GCA_000412615.1 1 ASRE01014393.1_1211-3166 

 
Basidiobolomycota Basidiobolus 

meristosporus 
(Bas_mer) 

GCA_002104905.1 1 MCFE01000191.1_77124-76513 
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2 MCFE01000333.1_22315-21848 

    
3 MCFE01000822.1_1945_4329 

  
Basidiobolus 
heterosporus 

(Bas_het) 

GCA_000697455.1 1 JNET01021252.1_685-104 

    
2 JNET01029572.1_8763-8128 

 
Mucoromycota Cunninghamella 

elegans (Cun_ele) 
GCA_000697015.1 1 JNDR01000766.1_801-3227 

    
2 JNDR01000766.1_3307-4212 

    
3 JNDR01000766.1_2-700 

  
Bifiguratus adelaidae 

(Bif_ade) 
GCA_002261195.1 1 MVBO01000368.1_2183-339 

  
Saksenaea 

oblongispora 
(Sak_obl) 

GCA_000697495.1 1 JNEV01001195.1_180347-182671 

 
Entomophthoromycota Conidiobolus 

coronatus (Con_cor) 
GCA_001566745.1 1 KQ964598.1_37719-39284 

    
2 KQ964610.1_47151-47588 

 
Mortierellomycota Mortierella elongata 

(Mor_elo) 
GCA_001651415.1 1 KV442190.1_1-882 

    
2 KV442340.1_1451-111 

  
Mortierella 

verticillata (Mor_ver) 
GCA_000739165.1 1 KN042439.1_59015-58065 

 
Kickxellomycota Zancudomyces 

culisetae (Zan_cul) 
GCA_001969505.1 1 LSSK01000604.1_8801-6927 

Fundsbetavirus Glomeromycota Rhizophagus 
irregularis (Rhi_irr) 

GCA_001593125.1 1 LLXH01000157.1_5406-5146 

    
2 LLXH01000293.1_51891-53817 

    
3 LLXH01000317.1_32257-32018 

    
4 LLXH01001253.1_5614-8037 

    
5 LLXH01001691.1_15537-19028 

    
6 LLXH01002175.1_3189-293 
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7 LLXH01002843.1_66-3107 

    
8 LLXH01002845.1_579-2819 

    
9 LLXH01003046.1_163-2130 

    
10 LLXH01003321.1_3240-667 

    
11 LLXH01003480.1_16271-13271 

    
12 LLXH01003482.1_4466-1887 

    
13 LLXH01003505.1_2973-1064 

    
14 LLXH01003557.1_4153-2340 

    
15 LLXH01003943.1_3823-5355 

    
16 LLXH01004079.1_1870-2274 

    
17 LLXH01005543.1_48-1136 

    
18 LLXH01005626.1_3469-2768 

    
19 LLXH01005626.1_4839-5588 

    
20 LLXH01006512.1_2-652 

    
21 LLXH01006676.1_3030-3833 

    
22 LLXH01006957.1_2-955 

    
23 LLXH01007161.1_6-896 

    
24 LLXH01007210.1_860-84 

    
25 LLXH01007333.1_14-493 

    
26 LLXH01008151.1_766-35 

    
27 LLXH01010162.1_570-1 

    
28 LLXH01010738.1_105-524 

    
29 LLXH01010756.1_120-524 

    
30 LLXH01010763.1_3-506 

   



 5 

 
 

Supplementary Figure 1. ML tree for DNAP. Fundsalphaviruses and Fundsbetaviruses were 
labeled in green and orange, respectively. 
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Neo_cal MCOG01000566.1-40848-39946

YP_009238893.1 Brazilian marseillevirus

Rhi_irr LLXH01007161.1-6-896

Pir_E2 KZ150781.1-166785-168551

Phy_pat CM009325.1-7727820-7729772

Phy_pat CM009330.1-9064011-9063076

AFV50253.1 Heliothis virescens ascovirus 3g

YP_009481838.1 Pandoravirus neocaledonia

Rhi_irr LLXH01005543.1-48-1136

Phy_pat CM009331.1-8070454-8069435

AAA72443.1 Methanococcus voltae

Rhi_irr LLXH01001691.1-15537-19028

NP_957934.1 Bovine papular stomatitis virus

YP_008318996.2 Pandoravirus dulcis

Phy_pat CM009328.1-10769946-10771778

Phy_pat CM009330.1-12773625-12775610

BAE95222.1 uncultured Candidatus Nitrosocaldus sp. 

Phy_pat CM009316.1-18600908-18600336

YP_803224.1 Trichoplusia ni ascovirus 2c

XP_001754656.1 Physcomitrella patens

Neo_cal MCOG01000665.1-4185-5024

Pir_fin MCFH01000019.1-631779-631555

Cun_ele JNDR01000766.1-3307-4212

XP_013710412.1 Brassica napus

Neo_cal MCOG01001255.1-12283-11163

YP_003358682.1 Shigella phage Ag3

BAA07579.1 Pyrodictium occultum

AHA54589.1 Emiliania huxleyi virus 145

Pir_E2 KZ151082.1-44419-43901

Rhi_irr LLXH01005626.1-3469-2768

Rhi_irr LLXH01010738.1-105-524

XP_001901154.1 Brugia malayi

Neo_cal MCOG01000937.1-5753-6934

Rhi_irr LLXH01007333.1-14-493

YP_784249.1 Nile crocodilepox virus

Neo_cal MCOG01001412.1-10066-9453

Rhi_irr LLXH01003482.1-4466-1887

Pir_fin MCFH01000063.1-79043-77322

Neo_cal MCOG01000524.1-43418-42306

sp|P0C974.1 African swine fever virus

AIL27706.1 Human alphaherpesvirus 2

NP_570451.1 Camelpox virus

YP_001110854.1 Heliothis virescens ascovirus 3e

AQV04381.1 Prymnesium parvum DNA virus BW1
YP_008052566.1 Phaeocystis globosa virus

Phy_pat CM009317.1-12174053-12174763

Phy_pat CM009330.1-9044926-9046380

Rhi_irr LLXH01000317.1-32257-32018

Neo_cal MCOG01000891.1-3820-4932

Neo_cal MCOG01000331.1-171535-170315

Rhi_irr LLXH01003321.1-3240-667

CAN10189.1 African swine fever virus

XP_002973393.1 Selaginella moellendorffii

AQN68406.1 Saudi moumouvirus

Phy_pat CM009319.1-16728097-16727795

NP_149500.1 Invertebrate iridescent virus 6

AAO12315.1 Porcine lymphotropic herpesvirus 3

Neo_cal MCOG01001719.1-4122-4502

sp|P0C973.1 African swine fever virus

Neo_cal MCOG01000149.1-384862-384638

Con_cor KQ964598.1-37719-39284

YP_762356.1 Spodoptera frugiperda ascovirus 1a

Neo_cal MCOG01000005.1-727220-727735

Pir_fin MCFH01000089.1-115070-116563

sp|P0C972.1 African swine fever virus

Rhi_irr LLXH01003046.1-163-2130

Ana_rob MCFG01000243.1-83698-81851

XP_002982737.1 Selaginella moellendorffii

Phy_pat CM009331.1-10938302-10938655

Rhi_irr LLXH01010756.1-120-524

YP_006987362.1 Cronobacter phage vB-CsaM_GAP32

Pir_E2 KZ151426.1-6775-7554

NP_001243778.1 Homo sapiens

Ana_rob MCFG01000387.1-13696-12551

YP_009000951.1 Pithovirus sibericum   

CAZ73994.1 Infectious spleen and kidney necrosis virus

ADX06143.1 Organic Lake phycodnavirus 1

Cas_mol KN233205.1-1706-43 (plant)

Pir_fin MCFH01000083.1-112059-110575

Bas_mer MCFE01000191.1-77124-76513

Rhi_irr LLXH01004079.1-1870-2274

Phy_pat CM009317.1-19723332-19721422

sp|Q56366.1 Thermococcus sp. 9oN-7 

Neo_cal MCOG01001593.1-1675-599

ADO00461.1 Wiseana iridescent virus 

Neo_cal MCOG01000618.1-15743-16924
Neo_cal MCOG01001348.1-5060-6172

Rhi_irr LLXH01003557.1-4153-2340

Pir_E2 KZ151806.1-3433-4230

Phy_pat CM009317.1-172824-171118

Phy_pat CM009325.1-17039321-17041333

Pir_fin MCFH01000069.1-221525-220380

AAC54700.1 Human betaherpesvirus 7

Rhi_irr LLXH01008151.1-766-35

CRI62820.1 Moumouvirus battle49

AAQ73709.1 Psittacid alphaherpesvirus 1

Neo_cal MCOG01000753.1-4977-6113

Phy_pat CM009326.1-9619133-9618135

Zan_cul LSSK01000604.1-8801-6927

Phy_pat CM009317.1-12173600-12174028

Phy_pat CM009321.1-10119333-10121423

Con_cor KQ964610.1-47151-47588

Neo_cal MCOG01000764.1-5534-6112

ADX06483.1 Organic Lake phycodnavirus 2

YP_002154715.1 Feldmannia species virus

Rhi_irr LLXH01006957.1-2-955

Phy_pat CM009340.1-2006207-2003736

Bas_het JNET01029572.1-8763-8128

Rhi_irr LLXH01003505.1-2973-1064

Phy_pat CM009323.1-10771720-10770610

Ana_rob MCFG01000494.1-10398-8269

Bas_mer MCFE01000822.1-1945-4329

Rhi_irr LLXH01010162.1-570-1

Rhi_irr LLXH01003943.1-3823-5355

Neo_cal MCOG01001603.1-6842-6093

Phy_pat CM009331.1-1617074-1618210

YP_009352507.1 Kaumoebavirus

Mor_elo KV442190.1-1-882

sp|Q7SIG7.1 Desulfurococcus sp. Tok 

NP_058633.2 Homo sapiens

NP_065512.1 Alcelaphine gammaherpesvirus 1

YP_003970130.1 Cafeteria roenbergensis virus BV-PW1

XP_020168395.1 Aegilops tauschii subsp. tauschii 

Pir_fin MCFH01000089.1-61193_62587

YP_004061851.1 Ostreococcus lucimarinus virus 1

YP_004508575.1 Synechococcus phage S-CRM01

NP_659611.1 Sheeppox virus

BAA07580.1 Pyrodictium occultum

Sak_obl JNEV01001195.1-180347-182671

Neo_cal MCOG01000869.1-1652-471

Bas_het JNET01021252.1-104-685

Rhi_irr LLXH01001253.1-5614-8037

YP_009001699.1 Anomala cuprea entomopoxvirus

BAA78259.1 Human betaherpesvirus 6B

Rhi_irr LLXH01006512.1-2-652

YP_009116970.1 Pseudoplusia includens SNPV IE

WP_011839163.1 Staphylothermus marinus

Rhi_irr LLXH01002845.1-579-2819

AIB52014.1 Faustovirus

Phy_pat CM009328.1-10792492-10790525

Ana_rob MCFG01000208.1-45763-44228

NP_077578.1 Ectocarpus siliculosus virus 1

Rhi_irr LLXH01000293.1-51891-53817

Neo_cal MCOG01000112.1-393-1206

Rhi_irr LLXH01005626.1-5588-4839

Neo_cal MCOG01000648.1-20085-19729

Neo_cal MCOG01001761.1-2825-1662

YP_009255117.1 Tokyovirus A1

YP_009091945.1 Erinnyis ello granulovirus

Rhi_irr LLXH01006676.1-3030-3833

Mor_ver KN042439.1-59829-58065

Rhi_irr LLXH01000157.1-5406-5146

Neo_cal MCOG01001608.1-6791-6055

Rhi_irr LLXH01007210.1-860-84

Neo_cal MCOG01000572.1-150-1328

Phy_pat CM009316.1-7600407-7602371

AGE89918.1 Spodoptera littoralis nucleopolyhedrovirus

YP_009429988.1 Pandoravirus salinus

YP_004894633.1 Megavirus chiliensis

sp|Q766Z3.1 Arabidopsis thaliana 

Phy_pat CM009331.1-3954909-3952420

Pec_rum ASRE01014393.1-1211-3166

YP_004347308.1 Lausannevirus

Rhi_irr LLXH01010763.1-3-506

Bas_mer MCFE01000333.1-22315-21848

Phy_pat CM009329.1-2665584-2665249

Phy_pat CM009316.1-164849-167338

Bif_ade MVBO01000368.1-2183-339

ABU81872.1 Ignicoccus hospitalis KIN4/I 

Neo_cal MCOG01001403.1-10005-9517

Phy_pat CM009324.1-8515245-8516777

Rhi_irr LLXH01002175.1-3189-293

Rhi_irr LLXH01003480.1-16271-13271

BAJ12120.1 Heterocapsa circularisquama DNA virus 01 

Cun_ele JNDR01000766.1-801-3227

Mor_elo KV442340.1-1451-111

Neo_cal MCOG01000452.1-67957-69018

Neo_cal MCOG01000549.1-40523-41719

Phy_pat CM009329.1-2674033-2671904

AIL25185.1 Mamestra brassicae multiple nucleopolyhedrovirus

Cun_ele JNDR01000766.1-2-700

YP_654692.1 Invertebrate iridescent virus 3

Phy_pat CM009319.1-16734170-16733517

NP_002903.3 Homo sapiens

Phy_pat CM009326.1-9247375-9248754

AIU37318.1 Cydia pomonella granulovirus

YP_003986825.1 Acanthamoeba polyphaga mimivirus

Rhi_irr LLXH01002843.1-66-3107
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Supplementary Figure 2. Gene contents of Fundsalphaviruses, Fundsbetaviruses, other 
dsDNA virus families, and P. patens ‘virus’. Different conserved proteins and proteins involved 
in transposition were labeled by different colors. 

  

                                 

            LRR                  DUF866                zf-U1                Fe-S_biosyn     SGNH_hydrolase        fCBD                  Amb_all                POL                    RbsK                 Amb_all                 Aes                  PHA03100               ANK                PHA02874            GAF                    SH3_3

Ana_rob MCFG01000208.1

Ana_rob MCFG01000243.1

Ana_rob MCFG01000387.1

Ana_rob  MCFG01000494.1

POL
Bas_het   JNET01021252.1

Bas_het   JNET01029572.1

Retrotran_gag_2  gag_pre-integrs         RVT_2            RNase_Ty1     Retrotran_gag_2      DUF4219           RNase_Ty1            RVT_2                  POL             Retrotran_gag_2      RNase_Ty1          RT_LTR            RNase_Ty3            RNase_Ty3        RT_LTR retropepsin
Bas_mer MCFE01000191.1

RNase_Ty1             RVT_2                  rve              gag_pre-integrs   Retrotran_gag_2       DUF4219              RVT_2         Retrotran_gag_2         POL                 retropepsin           RT_LTR             retropepsin            RT_LTR            RNase_Ty3         RNase_Ty1            RVT_2              RT_LTR

Bas_mer MCFE01000333.1

POLUppS                 Sortilin_C               CaiA                PTZ00318              PHF5                    BRCT               Zn_clus         fungal_TF_MHR                                 SCP_bacterial       DUF4246     ThiF_MoeB_HesA     RHOD_ThiF          Pus10                    DLD                PLN03130
Con_cor KQ964598.1

Con_cor KQ964610.1

Cun_ele    JNDR01000766.1

Mor_elo   KV442190.1

POL
Mor_elo   KV442340.1

RPB5                   RP1c                  HET POL RPB2                   D5                  ZnF_C2C2               UDG                  Rpb1_1            AdoMet_MTases Helicase_C                HET
Mor_ver   KN042439.1

PIH1 Stealth_CR2 ANK ribD_Cterm RT_LTR         W2_eIF2B_epsilon         rve                    RNase_Ty3           RT_LTR                       POL　　　　　Helicase_C　　　PIH1　　　            PQ-loop　            　CTNS　　　　　RVT_2　　　　　GalE　　　　　　ANK
Neo_cal 　MCOG01000005.1

   POL               CBM_10     PI-PLCc_bacteria_like  PI-PLCc_GDPD_SF CBM _10              RPB2                 LRR                     Ank_2       AAA-ATPase
Neo_cal  MCOG01000112.1

Endoglucanase_E_like         RNase_Ty1           RVT_2               rve                    M13                   POL                      RP1c                 RT_nLTR      RecA-like_NTPases   Herpes_BLLF1   Mplasa_alph_rch   recomb_RAD51 GH18_chitinase     ChiA        

Neo_cal    MCOG01000149.1

          

                                                                   l                           l                          

 

                         l                                                                                               

DUF4219

Bas_mer MCFE01000822.1

Bif_ade   MVBO01000368.1

　

 - e

                                                                  

Neo_cal    MCOG01000331.1

Neo_cal    MCOG01000452.1
   SANT                 RVT_2               DUF4939            RT_LTR              RNase_Ty3              rve                CHROMO Fungi_specific_protein      POL                   SEC21

Neo_cal   MCOG01000524.1

Fungi_specific_protein     ChtBD1           AdoMet_MTases         UDG                   RPB2      Fungi_specific_protein    RPB2                    D5                     POL                      RP1c
Neo_cal  MCOG01000549.1

   POL                    RP1c                  HELICc                DEXDc                  RP1n            AdoMet_MTases         UDG                   RPB2                  D5

Neo_cal  MCOG01000566.1

Neo_cal  MCOG01000572.1

AdoMet_MTases       UDG                   RPB2                   D5                       DnaJ                     POL                  RP1c                 Helicase_C           DEXDc                   RP1n
Neo_cal    MCOG01000618.1
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                                                                                                                 DnaJ                     POL                    RP1c             Helicase_C              RP1n ChtBD1
Neo_cal  MCOG01000665.1
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POL                   RP1c                Helicase_C           DEXDc                                                   
Neo_cal    MCOG01000764.1

Neo_cal    MCOG01000869.1

POL                   RP1c                   HELICc Fungi_specific_proteion                                                                       

Neo_cal  MCOG01000891.1

  D5          Fungi_specific_proteion    POL                   RP1c
Neo_cal  MCOG01000937.1

 Helicase_C          
Neo_cal   MCOG01001255.1

   D5           Fungi_specific_proteion  POL                   RP1c

Neo_cal    MCOG01001348.1

    POL                  RP1c
Neo_cal    MCOG01001403.1

Neo_cal    MCOG01001412.1

Neo_cal    MCOG01001593.1

Neo_cal   MCOG01001603.1

Neo_cal   MCOG01001608.1

  DnaJ                   POL

Neo_cal    MCOG01001719.1

Neo_cal  MCOG01001761.1

POL
Pec_rum  ASRE01014393.1

     EKR                TIMELESS               Snf7               CAS_CSE1              Cse1                    HRD1              PLN00050            Amb_all                 POL              Pec_lyase_C  Rhamnogalacturan  Pec_lyase_C              fCBD         Rhamnogalacturan        fCBD                  Tim54                   IscA
                                                                                                                                                                                                                                                

Pir_E2   KZ150781.1

ChtBD1              DUF4380        Glyco_hydro_114       POL                   RP1n         PI-PLCc_bacteria_like

Pir_E2   KZ151082.1

Pir_E2   KZ151426.1

     RPB2                 POL
Pir_E2   KZ151806.1

 
Pir_fin     MCFH01000019.1

 KISc_KIF3             KIP1                     Smc     mRING-CH-C4HC2H_ZNRF1  FYVE_like_SF    FYVE_ZF21             ANK                  Ank_2                  POL                      CotH                CBM_10               Amb_all               zf-H2C2            RNase_Ty3            RT_LTR            CHROMO               rve
Pir_fin      MCFH01000063.1

 
Pir_fin      MCFH01000069.1

 
Pir_fin      MCFH01000083.1

mRING    POL                 DUF1446

Rhi_irr      LLXH01000157.1

                   Peptidase_C19B    zf-UBP              USP7_C2         USP7_ICP0      peptidase_C19C      MATH_Ubp21p           HpnI                 POL                  ARGLU         HTH_Tnp_Tc3_2        DDE_1            DDE_Tnp_4
Rhi_irr      LLXH01000293.1

 
            Mplasa_alph_rch     Ank_2                  ChtBD1                   UDG                    AdoMet_MTases      RPB2                    D5                    POL    RP1n RP1c           DEXDc          Fungi_specific_protein                                     

   D5                      POL                     RP1c             Helicase_C

Pir_fin      MCFH01000089.1_1
 

Rhi_irr       LLXH01000317.1
 AAT_I           POL

 POL                   TBCA                   Smc                             

Rhi_irr      LLXH01001253.1

SMC_N                Kinesin                  POL SMC_N    NR_DBD_PNR_like_1 bZIP_HY5-like        
Rhi_irr    LLXH01001691.1

   POL              Mplasa_alph_rch
Rhi_irr    LLXH01002175.1

   POL Rhi_irr    LLXH01002843.1

   POL
Rhi_irr     LLXH01002845.1

  POL              Mplasa_alph_rch
Rhi_irr    LLXH01003046.1

   POL

Rhi_irr     LLXH01003321.1

 Mplasa_alph_rch     POL Rhi_irr      LLXH01003480.1

 Mplasa_alph_rch     POL
Rhi_irr      LLXH01003482.1

   POL
Rhi_irr      LLXH01003505.1

   POL
Rhi_irr      LLXH01003557.1

   POL
Rhi_irr      LLXH01003943.1

         POL
Rhi_irr    LLXH01004079.1

   POL
Rhi_irr      LLXH01005543.1

   POL
Rhi_irr      LLXH01005626.1

Rhi_irr    LLXH01006512.1

      DUF659                 POL

   POL

   POL

Rhi_irr      LLXH01006957.1

Rhi_irr      LLXH01007161.1
 

Rhi_irr      LLXH01007210.1
POL

Rhi_irr      LLXH01007333.1
   POL

Rhi_irr      LLXH01008151.1

Rhi_irr      LLXH01010162.1

Rhi_irr      LLXH01010738.1

Rhi_irr      LLXH01010756.1

Rhi_irr      LLXH01010763.1

POL

POL

Helicase_C             RPB5

AAA-ATPase_like   POL                    VAR1                 B_lectin                  dnaE                PHA01366             VAR1                 HELICc              DEXDc    Fungi_specific_protein  

G-alpha             ALDH-SF             RRM_SF                  NK                  DUF1640         penta_MxKDx          DMP1            Snapin_Pallidin             

Rhi_irr    LLXH01006676.1
 

  POL                   RP1n                 DEXDc            Abhydrolase      Peptidase_M10     RING_Ubox         RING_Ubox              RIBOc           RING_Ubox
Ascoviridae       AM398843

DEXDc                 Evr1_Alr Trans_IPPS_HT     SerH             A2L_zn_ribbon     Pox_VLTF3      Capsid_NCLDV        zf-FCS               POL              RNA_pol_N             SDR          NT_Pol-beta-like            RP1n                 RP1c         DNA_ligase_A_M    OBF_DNA_ligase_family   Adenylation_DNA_ligase_like  

 KM609482 Baculoviridae
  p25                      lef-4                  Dp39                    pnklpnl                 8p41                     vlf-1                   iap2                      lef-3                     POL                     gp37                    lef-9                    25K                      lef-10                  lef-8                     pcna                      etm                     ets

Faustovirus        KJ614390
  NADAR
   

ubiquitin        Nudix_Hydrolase   Amino_oxidase           MutT          Pox_VERT_large         YwqK               DUF3523                POL                    YwqK            Peptidase_C19         SMC_N           Methyltransf_11          RimI                RP1n                     RP1c                   RfaB

Herpesviridae   NC_006623 
PHA03296  PHA03136         Herpes_UL24        PHA03248      Peptidase_S21       PHA03231              PRTP              PHA03362               POL              PHA03328             PHA03232        Herpes_UL33        PHA03324      Herpes_teg_N      Herpes_UL36        PHA03172          PHA03261

 PCNA               Mtaase     thymidylate synthase   NTPase/helicase ribonucleotide reductase 
                                                                                                                    

CARD                      dUTPase             RNA pol Ⅱȕ�VXEXQLW������POL            phosphotransferase           helicase   myristylated mebrane protein steroid_oxidoreductase         eif2                     tyrosine kinase      ribonucleotide reductase      D5 NTPase

Iridoviridae     NC_005832 

Kaumoebavirus KX552040

Marseilleviridae KF483846
AdoMet_MTases   SbcD_C               ANK                  DUF4379  Restriction_endonuclease_like       XRN_N            Caps_synth     PDI_a_family            POL                     ANKYR           Pox_VLTF3            Capsid_N Capsid_NCLDV      DUF4379   Restriction_endonuclease_like DUF4379             POL

RING_Ubox Ferritin_like

                     

       PLN02437               H2TH                   NAT_SF           NT_POLXc             UCH           AdoMet_MTases          POL                    DUF45              zf-MYN

  

        Cullin                TFIIS_M              TFIIS_C                  Rnc                   WD40                 RCC1
Mimiviridae        AY653733 

Pandoravirus      NC_022098 

  

  

Phycodnaviridae NC_002687 

Pithoviridae         KF740664

Poxviridae            NC_004002 
PHA02995      PHA02996           PHA02992         PHA03103           PHA02998          PHA02999            PHA03000      PHA03004                POL                 PHA03005    PHA03001          PHA03002          PHA03061          PHA02819        PHA03068             PHA03062           PHA03067

POL

AAA_23              SMC_N                 FIG                      NIF                     AAA                   LPLAT             Peptidase_C1          Diedel

PLN00113

   D5                       DnaJ

U8NB RP1c               RPB2             RP1n            TFiiS               UDG            RPB5                U10               POL FLAP               U19                U1                  U2

   POL

Asfarviridae        NC_001659
   

P. patens ‘virus’

                                     ChtBD1       Glyco_hydro_11             XynB_like                 Glyco_hydro_11              2A0111                 Choline_transpo            PDDEXK_2                COG5048                       POL                          RP1c                      Helicase_C                    DEXDc                           ChtBD1                  Mycoplas_LppA                  rve                          RNase_Ty3                RT_LTR

   PTR2 SMC_N                     MutS_III                       Mucin-like                     MutS_III                     POL                        Helicase_C

E1-E2_ATPase              CRIM                        COG5162                     POL                           RP1c                         RT_nLTR            Autophagy_act_C         BAH_fungalPHD PLN02517                     TDT                             WGR                       ADP_ribosyl

                                     POL        RP1c        Helicase_C             RP1n                 ChtBD1                   D5                    RPB2                  UDG                    rve

                                  RPB2                    D5                     DnaJ                   POL                       RP1c                 HELICc                 DEXDc                 RP1n               ChtBD1            TryThrA_C     Mplasa_alph_rch          VAR1            

POL                     RP1c                  HELICc                Rpb1_1              ChtBD1        Fungi_specific_proteion    PHA02730      ChtBD1

   RPB2                  D5                       DnaJ                     POL                   RP1c                Helicase_C              RP1n                 ChtBD1

ChtBD1             UDG                   RPB2                  D5                       DnaJ                    POL

POL                    RP1c

                            D5           Fungi_specific_protein   POL

    POL                  RP1c

    POL                  RP1c

    POL                  RP1c

  DnaJ                   POL

                                        RNase_Ty3          RT_LTR                RT_LTR             RNase_Ty3             rve                    RT_LTR                 RPB2                  D5                     POL                       RP1c          retropepsin_like   RT_ZFREV_like        RT_LTR            RNase_Ty3          COG5610            CHROMO       retropepsin_like      

                                     UDG                    RP1n                AdoMet_MTases      RPB2                    rve                  RNase_Ty3           RT_LTR                D5                    POL                       RP1c    Fungi_specific_protein    DEXDc                   MdlB            ABC_membrane         MdlB                   SerS                  rve

Peptidases_S8_PCSK9 ChtBD1             PHA03016  Fungi_specific_protein AdoMet_MTases   UDG                    RPB2                    D5                      POL                      RP1c                RT_nLTR         Mplasa_alph_rch

RNase_H_like         Cauli_VI   RING-H2_PA-TM-RING Pox_VLTF3   DNA_pol3_gamma3 Atrophin-1          Pox_A32               GlcNAc                   POL           PDZ_serine_protease Trypsin_2         Helicase_C         DEXDc               DNA_pol3_delta2  AdoMet_MTases  Atrophin-1       DNA_pol3_delta2              

Periplasmic_Binding_Protein_Type_2   PBP2_LTTR_substrate COG4099                   Rnc                   F-box-like          Caps_synth          F-box-like                RfaB                      POL                   zf-MY                  RPB5                   RecD                Zn-ribbon               HELICc              DEXDc            Methyltransf_25         FrsA         

GIY-YIG_HE_Tlr8p_PBC-V_like         Rpb1_1                   YecE        OBF_DNA_ligase_family  Adenylation_DNA_ligase_like     Atrophin-1        Peptidase_C19      OrfB_IS605             POL                  AAA_28        Pox_VERT_large          TBP                 PLN02437           F-box-like             COG2907            Ferritin_like         DEXDc

                                   RNase_Ty3            DUF4939            RT_LTR              RNase_Ty3           RP1n                    RPB2                      D5                 P21_Cbot              POL                     RP1c               RT_LTR              RNase_Ty3               rve                   CHROMO         AAA-ATPase           ANKYR                 ANK                           

   POL

   POL

POL

   POL

   POL

            COG3942                  VirE                    D5_N           RuvC_resolvase         PKc                Pox_VLTF3     A2L_zn_ribbon          zf-FCS                  POL                 PRK15347              Rad17      Glyco_tranf_GTA_type  Rad17  UDPG_MGDP_dh         Pkinase              DnaJ             Ribonuc_red_lgC  Peptidase_C1A        

      D5                   RPB5                  RP1n                      POL                     

RPB2                            D5                            POL

                 HELICc

ChtBD1

AdoMEt_MTases

Sak_obl   JNEV01001195.1
     TPR                    LRR                 zf-TRM13               TRM13               WD40        Nucleopor_Nup85  HSPA12_like_NBD Ribosomal_P2       POL                 Mito_carr        BCDHK_Adom3     PTZ00322                Ank_5                   HP             fungal_TF_MHR      G-patch                  Smc

 
Zan_cul    LSSK01000604.1

VAR1                  SNF2_N             DEXDc                   RPB2                 POL                     LysM                ChtBD1          GH18_zymocin_alpha  Glyco_hydro_18   celA

 UDG                    RP1n             AdoMet_MTases      RPB2                  
Pir_fin      MCFH01000089.1_2
 

Fundsalphaviruses

Fundsbetaviruses

DNAP

RPB1

D6/D11-like SNF2 helicase
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( 4482 bp )
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( 16394 bp )
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( 2975 bp )
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( 2285 bp )

( 1346 bp )

( 5601 bp )

( 1054 bp )

( 3834 bp )

( 956 bp )
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( 907 bp )
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( 768 bp )

( 570 bp )

( 526 bp )

( 526 bp )
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Supplementary Figure 3. ML tree for SAM. Fundsalphaviruses were labeled in green. 
  

0.5

WP_091588131.1 Bacillaceae

MCFH01000089.1 Piromyces finnis

XP_002971615.1 Selaginella moellendorffii

HAG60875.1 Arthrobacter bacterium

XP_004351648.1 Acanthamoeba castellanii

YP_004347293.1 Lausannevirus

BBO54112.1 Abalone asfarvirus

SFP17302.1 Saccharomonospora viridis

BAA82447.1 Homo sapiens

SOB74505.1 Cedratvirus lausannensis

YP_009174836.1 Yellowstone lake phycodnavirus

XP_002508889.1 Micromonas commoda

XP_002365904.1 Toxoplasma gondii

WP_093047447.1 Salipaludibacillus aurantiacus

XP_003384780.1 Amphimedon queenslandica

YP_009238879.1 Brazilian marseillevirus

ACU95311.1 Saccharomonospora viridis

EJY79001.1 Oxytricha trifallax

WP_108667290.1 Euzebya rosea

AHC54956.1 Tunisvirus fontaine2

WP_098959445.1 Pseudonocardia sp.

KFH64894.1 Mortierella verticillata

MCFG01000387.1 Anaeromyces robustus

XP_001749765.1 Monosiga brevicollis

YP_009361656.1 Pacmanvirus

KN042439.1 Mortierella verticillata

NP_523568.2 Drosophila melanogaster

XP_005713890.1 Chondrus crispus

EAZ05808.1 Oryza sativa

XP_642389.1 Dictyostelium discoideum

NP_001017053.1 Xenopus tropicalis

sp_Q65216.1 African swine fever virus

AFC34996.1 Ostreococcus tauri virus RT-2011

YP_009310325.1 Golden Marseillevirus

WP_127455219.1 Paenibacillus chondroitinus

SDJ24768.1 Alteribacillus bidgolensis

XP_005703137.1 Galdieria sulphuraria

XP_011388781.1 Ustilago maydis

YP_007354410.1 Acanthamoeba polyphaga moumouvirus
MCOG01000618.1 Neocallimastix californiae

XP_005837438.1 Guillardia theta

MCOG01000549.1 Neocallimastix californiae

XP_009036503.1 Aureococcus anophagefferens

XP_004343911.2 Capsaspora owczarzaki

YP_003407048.1 Marseillevirus marseillevirus

XP_024361759.1 Physcomitrella patens

YP_009352573.1 Kaumoebavirus

QBK89043.1 Mimivirus
ARF09638.1 Indivirus

MCOG01000572.1 Neocallimastix californiae

XP_012752660.1 Acytostelium subglobosum

MCFH01000083.1 Piromyces finnis

YP_009345284.1 Noumeavirus

MCOG01000869.1 Neocallimastix californiae

XP_501801.1 Yarrowia lipolytica

MCOG01000331.1 Neocallimastix californiae

AVL93837.1 Megavirus vitis

XP_004997240.1 Salpingoeca rosetta

YP_004061502.1 Bathycoccus sp.

WP_144089327.1 Allobacillus sp.

XP_001348983.1 Plasmodium falciparum

AIB52055.1 Faustovirus

XP_002176880.1 Phaeodactylum tricornutum

MCFH01000089.1 Piromyces finnis

YP_009465794.1 Dishui lake phycodnavirus

XP_750660.1 Aspergillus fumigatus

YP_009001355.1 Pithovirus sibericum
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100
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Supplementary Figure 4. ML tree for RPB2. Fundsalphaviruses were labeled in green. 
  

0.4

XP_016875110.1 Homo sapiens

ARF09480.1 Indivirus

XP_002178926.1 Phaeodactylum tricornutum

XP_004342196.1 Acanthamoeba castellanii

XP_002500540.1 Micromonas commoda

XP_009041583.1 Aureococcus anophagefferens

XP_012768517.1 Babesia bigemina

XP_012747945.1 Acytostelium subglobosum

XP_002904335.1 Phytophthora infestans

XP_004342944.2 Capsaspora owczarzaki

XP_002291363.1 Thalassiosira pseudonana

AZQ20783.1 Pompano iridovirus

AHA54514.1 Emiliania huxleyi virus

KN042439.1 Mortierella verticillata

NP_001290197.1 Homo sapiens

XP_006679072.1 Batrachochytrium dendrobatidis

XP_001350475.1 Plasmodium falciparum

XP_004348530.1 Acanthamoeba castellanii

KFH65932.1 Mortierella verticillata

XP_005836568.1 Guillardia theta

YP_004346997.1 Lausannevirus

AGF85485.1 Moumouvirus goulette

XP_012767226.1 Babesia bigemina
XP_001348029.1 Plasmodium falciparum

XP_005718665.1 Chondrus crispus

ARF08988.1 Catovirus 

MCFH01000069.1 Piromyces finnis

XP_002900039.1 Phytophthora infestans

AFX92379.1 Megavirus

EEC67242.1 Oryza sativa

XP_005713733.1 Chondrus crispus

ELY29869.1 Natrialba magadii

AEO97975.1 Emiliania huxleyi virus

NP_523706.1 Drosophila melanogaster

MCFG01000387.1 Anaeromyces robustus

CAA35185.1 Drosophila melanogaster

XP_001416405.1 Ostreococcus lucimarinus

AQQ73884.1 Kurlavirus

XP_012749612.1 Acytostelium subglobosum

ADX05878.1 Organic Lake phycodnavirus

MCFH01000083.1 Piromyces finnis

XP_002669613.1 Naegleria gruberi

XP_009041100.1 Aureococcus anophagefferens

XP_006679802.1 Batrachochytrium dendrobatidis

MCOG01000618.1 Neocallimastix californiae

MCOG01000524.1 Neocallimastix californiae

KZ151806.1 Piromyces sp.

XP_005840521.1 Guillardia theta

AYV81594.1 Harvfovirus sp.

NP_149891.1 Invertebrate iridescent virus

MCOG01000572.1 Neocallimastix californiae

BAB14296.1 Homo sapiens

AXN77245.1 Heliothis virescens ascovirus

NP_042747.1 African swine fever virus

XP_002178910.1 Phaeodactylum tricornutum

ABN07331.1 Methanocorpusculum labreanum

XP_005704030.1 Galdieria sulphuraria

AEO98347.1 Emiliania huxleyi virus

XP_636812.1 Dictyostelium discoideum

BAI61289.1 Methanocella paludicola

XP_004989765.1 Salpingoeca rosetta

ADX06461.1 Organic Lake phycodnavirus

LSSK01000604.1 Zancudomyces culisetae

XP_024533023.1 Selaginella moellendorffii

MCFH01000089.1 Piromyces finnis

YP_009640061.1 Diadromus pulchellus ascovirus

ADD08900.1 Aciduliprofundum boonei

YP_803361.1 Trichoplusia ni ascovirus

XP_001416013.1 Ostreococcus lucimarinus

AEP15111.1 Emiliania huxleyi virus

XP_002508452.1 Micromonas commoda

NP_001332059.1 Arabidopsis thaliana

XP_001349662.2 Plasmodium falciparum

YP_009046809.1 Armadillidium vulgare iridescent virus

XP_002677756.1 Naegleria gruberi

MCOG01000112.1 Neocallimastix californiae

YP_003986740.1 Acanthamoeba polyphaga mimivirus

MCOG01000648.1 Neocallimastix californiae

MCOG01000549.1 Neocallimastix californiae

KZ151426.1 Piromyces sp.

XP_001750532.1 Monosiga brevicollis
XP_002371183.1 Toxoplasma gondii

XP_004992371.1 Salpingoeca rosetta

NP_612256.1 Infectious spleen and kidney necrosis virus

YP_009345581.1 Noumeavirus

CAA79528.1 Arabidopsis thaliana

XP_004336694.1 Acanthamoeba castellanii

EJY66659.1 Oxytricha trifallax

MCFH01000089.1 Piromyces finnis

XP_500966.1 Yarrowia lipolytica

CCC82299.1 Thermoproteus tenax

XP_502376.1 Yarrowia lipolytica

XP_001744279.1 Monosiga brevicollis

XP_002286749.1 Thalassiosira pseudonana

YP_009352762.1 Kaumoebavirus

XP_004996778.1 Salpingoeca rosetta

AIT54635.2 Melbournevirus

ABW01294.1 Caldivirga maquilingensis

EJY64666.1 Oxytricha trifallax

EEC75437.1 Oryza sativa

AHA42315.1 Andrias davidianus ranavirus

AXN91016.1 Namao virus 

XP_002365045.1 Toxoplasma gondii

ARF11367.1 Klosneuvirus

AAT71848.1 Rock bream iridovirus

YP_004732897.1 Wiseana iridescent virus

BAJ48190.1 Candidatus Caldiarchaeum subterraneum

XP_006677368.1 Batrachochytrium dendrobatidis

XP_009039540.1 Aureococcus anophagefferens

YP_009254756.1 Tokyovirus

XP_002907347.1 Phytophthora infestans

NP_001287323.1 Drosophila melanogaster

YP_009483044.1 Pandoravirus quercus

XP_005820218.1 Guillardia theta

XP_636731.1 Dictyostelium discoideum

XP_002507157.1 Micromonas commoda

XP_024368974.1 Physcomitrella patens

XP_005709231.1 Galdieria sulphuraria

XP_004342775.1 Capsaspora owczarzaki

YP_762407.1 Spodoptera frugiperda ascovirus

KFH67675.1 Mortierella verticillata

XP_024524228.1 Selaginella moellendorffii

SOB74125.1 Cedratvirus lausannensis

XP_011388732.1 Ustilago maydis

YP_009001144.1 Pithovirus sibericum

XP_024376603.1 Physcomitrella patens

AGI86361.1 Candidatus Methanomethylophilus alvus

MCOG01000869.1 Neocallimastix californiae

XP_503752.1 Yarrowia lipolytica

YP_009449142.1 Orpheovirus

XP_012753857.1 Acytostelium subglobosum

AAG52049.1 Arabidopsis thaliana

EJY68951.1 Oxytricha trifallax

EAY91202.1 Oryza sativa

QBZ80951.1 Pandoravirus celtis

XP_001747163.1 Monosiga brevicollis

AAY22444.1 Lymphocystis disease virus

ACL11701.1 Desulfurococcus amylolyticus

XP_012767232.1 Babesia bigemina

XP_002365906.2 Toxoplasma gondii

KFH69426.1 Mortierella verticillata

YP_009238550.1 Brazilian marseillevirus

XP_011390780.1 Ustilago maydis

MCFH01000019.1 Piromyces finnis

XP_011387084.1 Ustilago maydis

XP_002671206.1 Naegleria gruberi

ADT83218.1 Thermococcus barophilus

XP_001415447.1 Ostreococcus lucimarinus

XP_005718001.1 Chondrus crispus

XP_024402196.1 Physcomitrella patens

YP_008052546.1 Phaeocystis globosa virus

AMN82980.1 Faustovirus

ARF10992.1 Hokovirus

XP_004342875.1 Capsaspora owczarzaki

XP_005704361.1 Galdieria sulphuraria

XP_002177384.1 Phaeodactylum tricornutum

YP_009165337.1 Mollivirus sibericum

MCOG01000331.1 Neocallimastix californiae

YP_009361395.1 Pacmanvirus

XP_024537767.1 Selaginella moellendorffii

XP_002293007.1 Thalassiosira pseudonana

YP_008357462.1 Invertebrate iridovirus

XP_629008.1 Dictyostelium discoideum
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Supplementary Figure 5. ML tree for RPB5. Fundsalphaviruses were labeled in green. 
  

0.4

ODS39337.1 Candidatus Altiarchaeales archaeon

AVR53100.1 Marseillevirus Shanghai

KFH71968.1 Mortierella verticillata

ARF09488.1 Indivirus

YP_004347383.1 Lausannevirus

XP_005716123.1 Chondrus crispus

ADC64934.1 Ferroglobus placidus

XP_502486.1 Yarrowia lipolytica

XP_004998499.1 Salpingoeca rosetta

ADG13319.1 Methanocaldococcus infernus

EAY94616.1 Oryza sativa

AET63766.1 Methanosaeta harundinacea

JNET01029572.1 Basidiobolus heterosporu
KV442190.1 Mortierella elongata

XP_002505155.1 Micromonas commoda

PIV89654.1 Candidatus Huberiarchaeum crystalense

XP_004353942.1 Acanthamoeba castellanii

QBK90689.1 Pithovirus

KAA0000882.1 Thermoplasmata archaeon

WP_096206406.1 Candidatus Methanoperedens nitroreducens

QBK91933.1 Pithovirus

NP_001016473.1 Xenopus tropicalis

XP_024386055.1 Physcomitrella patens

OPY19959.1 Methanomethylovorans sp.

YP_004894383.1 Megavirus chiliensis

YP_009238979.1 Brazilian marseillevirus

RLF43205.1 Thermoplasmata archaeon

XP_012747726.1 Acytostelium subglobosum

AAM31970.1 Methanosarcina mazei

ARF08928.1 Catovirus

XP_011390332.1 Ustilago maydis

EJY65550.1 Oxytricha trifallax

XP_004991613.1 Salpingoeca rosetta

AHA46350.1 Insectomime virus

KN042439.1 Mortierella verticillata

WP_042688985.1 Thermococcus

XP_002178061.1 Phaeodactylum tricornutum

AFU57103.1 Candidatus Nitrososphaera gargensis

QBK89898.1 Pithovirus
QBK91460.1 Pithovirus

XP_002979667.1 Selaginella moellendorffii

ADP77453.1 Methanothermus fervidus

XP_005833316.1 Guillardia theta

sp_P41559.1 Methanococcus vannielii

ADD05718.1 Natrialba magadii

NP_001260878.1 Drosophila melanogaster

QBK88642.1 Mimivirus
AYV79835.1 Faunusvirus sp.

YP_009480953.1 Pandoravirus macleodensis

ACL11702.1 Desulfurococcus amylolyticus

YP_009345191.1 Noumeavirus

XP_001417617.1 Ostreococcus lucimarinus

NP_188871.1 Arabidopsis thaliana

QFG74221.1 Megaviridae environmental sample

YP_007354237.1 Acanthamoeba polyphaga moumouvirus

RLG35543.1 Methanosarcinales archaeon

AKI78996.1 Acanthamoeba polyphaga mimivirus

ABS56450.1 Methanoregula boonei

RZN60962.1 Methanonatronarchaeia archaeon 

ABQ87117.1 Methanobrevibacter smithii

AGO61160.1 Ferroplasma acidarmanus

GBC71082.1 archaeon HR02

AEF97073.1 Methanotorris igneus

NP_001303252.1 Homo sapiens

RLG21874.1 Candidatus Micrarchaeota archaeon

AGF85493.1 Moumouvirus goulette

ADD08901.1 Aciduliprofundum boonei

XP_004364021.1 Capsaspora owczarzaki
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Supplementary Figure 6. ML tree for RPB1. Fundsalphaviruses were labeled in green. 
  

0.5

JNET01029572.1 Basidiobolus heterosporus

YP_009640077.1 Diadromus pulchellus ascovirus

XP_505388.1 Yarrowia lipolytica

3J0K_A Homo sapiens

MCFH01000089.1 Piromyces finnis

P91875.2 Drosophila melanogaster

MCOG01000753.1 Neocallimastix californiae

NP_001096178.1 Xenopus tropicalis

MCFH01000083.1 Piromyces finnis

MCFG01000387.1 Anaeromyces robustus

MCFH01000069.1 Piromyces finnis

ANB50494.1 Powai lake megavirus

MCOG01000665.1 Neocallimastix californiae

MCOG01000549.1 Neocallimastix californiae

BBO54039.1 Abalone asfarvirus

YP_009345156.1 Noumeavirus

MCFG01000208.1 Anaeromyces robustus

MCFH01000083.1 Piromyces finnis

MCOG01000331.1 Neocallimastix californiae

AVL93704.1 Megavirus vitis

MCOG01000149.1 Neocallimastix californiae

 XP_024535104.1 Selaginella moellendorffii

KZ151082.1 Piromyces sp.

AXN77193.1 Heliothis virescens ascovirus

MCOG01000549.1 Neocallimastix californiae

MCOG01000572.1 Neocallimastix californiae

NP_008986.2 Homo sapiens

ADX06029.1 Organic Lake phycodnavirus

AAA92868.1 Lymphocystis disease virus

MCOG01000665.1 Neocallimastix californiae

AEP16007.1 Emiliania huxleyi virus

XP_001351252.1 Plasmodium falciparum

YP_293818.1 Emiliania huxleyi virus

ARF10760.1 Hokovirus

MCOG01000937.1 Neocallimastix californiae

YP_009361646.1 Pacmanvirus

XP_019852826.1 Amphimedon queenslandica

 NP_001096987.2 Drosophila melanogaster

KFH63679.1 Mortierella verticillata

EJY76278.1 Oxytricha trifallax

 CCC82297.1 Thermoproteus tenax

SOB74287.1 Cedratvirus lausannensis

P15398.2 Schizosaccharomyces pombe

QBZ80839.1 Pandoravirus celtis

XP_005708925.1 Galdieria sulphuraria

MCFH01000019.1 Piromyces finnis

 KFH65268.1 Mortierella verticillata

YP_009021192.1 Anopheles minimus irodovirus

 XP_502142.1 Yarrowia lipolytica

XP_005703600.1 Galdieria sulphuraria

 XP_002291242.1 Thalassiosira pseudonana

YP_008318947.1 Pandoravirus dulcis

XP_024542232.1 Selaginella moellendorffii

MCOG01000618.1 Neocallimastix californiae

YP_009352528.1 Kaumoebavirus

XP_019850381.1 Amphimedon queenslandica
XP_004349829.2 Capsaspora owczarzaki

MCOG01000753.1 Neocallimastix californiae

XP_002290924.1 Thalassiosira pseudonana

NP_042792.1 African swine fever virus

YP_009449349.1 Orpheovirus

MCOG01000764.1 Neocallimastix californiae

MCOG01000566.1 Neocallimastix californiae

YP_008052581.1 Phaeocystis globosa virus

MCFH01000089.1 Piromyces finnis

KN042439.1 Mortierella verticillata

XP_002176367.1 Phaeodactylum tricornutum

YP_009255196.1 Tokyovirus

P14247.2 Methanococcus vannielii

CAA37130.1 Arabidopsis thaliana

XP_005707427.1 Galdieria sulphuraria

AEX62936.1 Moumouvirus Monve

QBK86972.1 Marseillevirus

MCOG01000648.1 Neocallimastix californiae

MCOG01000524.1 Neocallimastix californiae

ALJ83355.1 Drosophila melanogaster

 KJE94482.1 Capsaspora owczarzaki

YP_004346982.1 Lausannevirus

AEO98282.1 Emiliania huxleyi virus

XP_002183777.1 Phaeodactylum tricornutum

OCA47866.1 Xenopus tropicalis

ADQ42372.1 Methanosaeta harundinacea

 EJY87901.1 Oxytricha trifallax

XP_004365525.1 Capsaspora owczarzaki

MCOG01000524.1 Neocallimastix californiae

MCOG01001412.1 Neocallimastix californiae

MCOG01000618.1 Neocallimastix californiae

ARF11343.1 Klosneuvirus

 XP_002502032.1 Micromonas commoda

XP_006677630.1 Batrachochytrium dendrobatidis

XP_501909.2 Yarrowia lipolytica

MCOG01001608.1 Neocallimastix californiae

YP_009173653.1 Chrysochromulina ericina virus

NP_191325.1 Arabidopsis thaliana
XP_002505800.1 Micromonas commoda

XP_012766592.1 Babesia bigemina

XP_024539991.1 Selaginella moellendorffii

 XP_006682763.1 Batrachochytrium dendrobatidis

XP_002286060.1 Thalassiosira pseudonana

 A4YCR0.1 Metallosphaera sedula

MCOG01000572.1 Neocallimastix californiae

 XP_019854820.1 Amphimedon queenslandica

MCFH01000089.1 Piromyces finnis

XP_002503529.1 Micromonas commoda

MCFH01000069.1 Piromyces finnis

AEQ60694.1 Acanthamoeba castellanii mamavirus

MCFH01000089.1 Piromyces finnis

MCOG01000331.1 Neocallimastix californiae

YP_803265.1 Trichoplusia ni ascovirus

ARF09455.1 Indivirus

XP_006677189.1 Batrachochytrium dendrobatidis

MCOG01001255.1 Neocallimastix californiae

AIT54660.2 Melbournevirus

ADX06441.1 Organic Lake phycodnavirus

MCOG01000648.1 Neocallimastix californiae

YP_009010577.1 Invertebrate iridovirus

ATZ80519.1 Bodo saltans virus

MCOG01001603.1 Neocallimastix californiae

AMN83579.1 Faustovirus

KFH65904.1 Mortierella verticillata

YP_009001268.1 Pithovirus sibericum

MCOG01000112.1 Neocallimastix californiae

MCOG01000566.1 Neocallimastix californiae

MCOG01001348.1 Neocallimastix californiae

NP_056240.2 Homo sapiens

 XP_002181195.1 Phaeodactylum tricornutum

OCA16356.1 Xenopus tropicalis

KKK42229.1 Lokiarchaeum sp.

XP_012767789.1 Babesia bigemina

YP_009165276.1 Mollivirus sibericum

 MCFH01000019.1 Piromyces finnis

BAA96933.1 Arabidopsis thaliana

MCOG01001403.1 Neocallimastix californiae

XP_012768920.1 Babesia bigemina

EJY82539.1 Oxytricha trifallax

MCOG01000891.1 Neocallimastix californiae

YP_009552378.1 Cherax quadricarinatus iridovirus
ASH98833.1 Common midwife toad virus

YP_008357340.1 Invertebrate iridovirus
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Supplementary Figure 7. ML tree for D5 helicase-primase. Fundsalphaviruses were labeled in 
green. 
  

0.6

PWM61127.1 Clostridia bacterium

WP_114628925.1 Oceanispirochaeta sp.

WP_078686179.1 Desulfovibrio bizertensis

ARF09495.1 Indivirus

YP_009173524.1 Chrysochromulina ericina virus

AKI79939.1 Acanthamoeba polyphaga mimivirus

EAE4522308.1 Listeria monocytogenes

RPI86173.1 Nitrosopumilales archaeon

JNET01029572.1 Basidiobolus heterosporus

ADX06425.1 Organic Lake phycodnavirus

WP_089121981.1 Lactobacillus pentosiphilus

ATZ80378.1 Bodo saltans virus

KZ151426.1 Piromyces sp.

ATE87123.1 Shrimp hemocyte iridescent virus

YP_009010298.1 Invertebrate iridescent virus

YP_008052518.1 Phaeocystis globosa virus 

WP_075783362.1 Rhodovulum sulfidophilum

AZY88479.1 Lumpfish ranavirus

WP_118022852.1 Megasphaera sp.

QBK87047.1 Marseillevirus

YP_003852.1 Ambystoma tigrinum virus

EOQ01281.1 Bacillus cereus

WP_144184014.1 Candidatus Methanolliviera sp.

MCFH01000019.1 Piromyces finnis

MCOG01000572.1 Neocallimastix californiae

MCFG01000387.1 Anaeromyces robustus

MCFH01000089.1 Piromyces finnis

YP_008357301.1 Invertebrate iridovirus

QBK91182.1 Pithovirus

AEY99296.1 Moumouvirus moumou

ADX06014.1 Organic Lake phycodnavirus

NP_042765.1 African swine fever virus

WP_136440327.1 Primorskyibacter sp.

NP_078717.1 Lymphocystis disease virus

YP_008052518.1 Phaeocystis globosa virus

WP_138330042.1 Clostridium perfringens

WP_046127417.1 Acinetobacter baumannii

AYV81208.1 Harvfovirus sp.

YP_009000916.1 Pithovirus sibericum

WP_101188029.1 Actinomycetales bacterium

VVB53383.1 uncultured archaeon

WP_023906896.1 Xylella fastidiosa

WP_117927063.1 Ruminococcus sp.

MCOG01000331.1 Neocallimastix californiae

KN042439.1 Mortierella verticillata

YP_009640081.1 Diadromus pulchellus ascovirus

YP_762453.1 Spodoptera frugiperda ascovirus

YP_009352545.1 Kaumoebavirus

MCOG01000753.1 Neocallimastix californiae

AMN83797.1 Faustovirus

WP_019562317.1 Caldimonas manganoxidans

YP_009254935.1 Tokyovirus

MCOG01000549.1 Neocallimastix californiae

ADE34443.1 Turbot reddish body iridovirus

YP_009449330.1 Orpheovirus

MCOG01000648.1 Neocallimastix californiae

ESY72341.1 Mesorhizobium sp.

EDF4965466.1 Listeria monocytogenes

MCOG01001593.1 Neocallimastix californiae

MCFH01000083.1 Piromyces finnis

MCOG01000618.1 Neocallimastix californiae

MCOG01000937.1 Neocallimastix californiae

ASH99204.1 Frog virus

WP_048176537.1 Methanosarcina barkeri

MCFH01000089.1 Piromyces finnis

YP_001110970.1 Heliothis virescens ascovirus

YP_009094637.1 Melbournevirus

WP_144573700.1 Bacillus licheniformis

GAO22740.1 Alicycliphilus sp.

WP_053058164.1 Rubrobacter aplysinae

QCQ67845.1 European chub iridovirus

MCFH01000069.1 Piromyces finnis

TCS32061.1 Acetobacter aceti

ACG80592.1 Acanthamoeba castellanii mamavirus

YP_009361500.1 Pacmanvirus A23

WP_151599151.1 Ochrobactrum intermedium

WP_105503547.1 Staphylococcus pseudintermedius

WP_052617764.1 Mycobacterium tuberculosis

YP_009345453.1 Noumeavirus

YP_009238702.1 Brazilian marseillevirus

ARF11390.1 Klosneuvirus

MCOG01000764.1 Neocallimastix californiae

MCOG01000869.1 Neocallimastix californiae

MCOG01001348.1 Neocallimastix californiae

MCOG01000524.1 Neocallimastix californiae

WP_144306498.1 Desulfovibrio marinus
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Supplementary Figure 8. ML tree for D6/D11-like SNF2 helicase. Fundsalphaviruses were 
labeled in green.  

0.6

MCFG01000208.1 Anaeromyces robustus

ADI14321.1 Truepera radiovictrix

OAP09331.1 Arabidopsis thaliana

YP_031587.1 Frog virus 3

NP_001276000.1 Homo sapiens

YP_009352839.1 Kaumoebavirus

WP_096819175.1 Lactococcus fujiensis

YP_009254985.1 Tokyovirus

MCOG01000524.1 Neocallimastix californiae

YP_004821450.1 Yokapox virus

XP_005719085.1 Chondrus crispus

YP_003406944.1 Marseillevirus marseillevirus

YP_009310274.1 Golden Marseillevirus

WP_110641174.1 Thermoplasma sp.

QBK84711.1 Pithovirus

ACU72848.1 Catenulispora acidiphila

AMN84338.1 Faustovirus

KN042439.1 Mortierella verticillata

AGK44993.1 Chinese giant salamander iridovirus

XP_024530986.1 Selaginella moellendorffii

WP_135949897.1 Microbacterium laevaniformans

XP_002503171.1 Micromonas commoda

MCOG01000891.1 Neocallimastix californiae

XP_024400851.1 Physcomitrella patens

HAW49384.1 bacterium 

MCOG01000648.1 Neocallimastix californiae

XP_019853034.1 Amphimedon queenslandica

MCFG01000494.1 Anaeromyces robustus

YP_009310251.1 Golden Marseillevirus

ALN37227.1 Ambystoma tigrinum virus

ARF09822.1 Indivirus

NP_039015.1 Fowlpox virus

KV442190.1 Mortierella elongata

YP_009389359.1 Seal parapoxvirus

MCOG01000764.1 Neocallimastix californiae

AZL89306.1 Mimivirus sp.

MCFH01000089.1 Piromyces finnis

VBB18441.1 Yasminevirus sp.

ACB83959.1 Natranaerobius thermophilus

YP_009000929.1 Pithovirus sibericum

XP_019855875.1 Amphimedon queenslandica

XP_002994066.1 Selaginella moellendorffii

MCOG01000331.1 Neocallimastix californiae

ADX06493.1 Organic Lake phycodnavirus

MCOG01000572.1 Neocallimastix californiae

YP_004894568.1 Megavirus chiliensis

MCOG01000566.1 Neocallimastix californiae

YP_073582.1 Lymphocystis disease virus

YP_003969763.1 Cafeteria roenbergensis virus

YP_007354447.1 Acanthamoeba polyphaga moumouvirus

YP_003987078.1 Acanthamoeba polyphaga mimivirus

QDZ44478.1 Frog virus 3

EEC82090.1 Oryza sativa

TLZ84161.1 Euryarchaeota archaeon

QBK90591.1 Pithovirus

BBO54081.1 Abalone asfarvirus

YP_003406980.1 Marseillevirus marseillevirus

YP_009329043.1 Cedratvirus

NP_001269803.1 Homo sapiens

YP_009361689.1 Pacmanvirus

XP_024388669.1 Physcomitrella patens

MCOG01000618.1 Neocallimastix californiae

XP_002931866.2 Xenopus tropicalis

XP_004344254.1 Capsaspora owczarzaki

WP_074293626.1 Mycobacteroides abscessus

YP_009238749.1 Brazilian marseillevirus

ARF11793.1 Klosneuvirus

NP_001332133.1 Arabidopsis thaliana

MCFE01000822.1 Basidiobolus meristosporus

AYN61019.1 Orf virus
YP_009552029.1 Linepithema humile entomopoxvirus

XP_011389009.1 Ustilago maydis

YP_007354564.1 Acanthamoeba polyphaga moumouvirus

ADX05972.1 Organic Lake phycodnavirus

MCOG01001255.1 Neocallimastix californiae

AKI80270.1 Acanthamoeba polyphaga mimivirus

AZL89178.1 Mimivirus sp.

XP_012757950.1 Acytostelium subglobosum

AHA46063.1 Insectomime virus

AYV78881.1 Edafosvirus sp.

RLB21954.1 Deltaproteobacteria bacterium

MCFH01000083.1 Piromyces finnis

YP_007354415.1 Acanthamoeba polyphaga moumouvirus

BAJ64146.1 Anaerolinea thermophila

XP_005836038.1 Guillardia theta

ADX04425.1 Acinetobacter baumannii

MCFH01000089.1 Piromyces finnis

AUL79315.1 Tupanvirus

AVL94964.1 Moumouvirus australiensis

XP_016879552.1 Homo sapiens

MCOG01000005.1 Neocallimastix californiae

ABE53031.1 Methanococcoides burtonii

MCOG01000665.1 Neocallimastix californiae

HAR34939.1 Desulfobacter sp.

QBK90214.1 Pithovirus

YP_009342180.1 Lymphocystis disease virus

VBB18217.1 Yasminevirus sp.

XP_751168.2 Aspergillus fumigatus

YP_003986853.1 Acanthamoeba polyphaga mimivirus

TLZ50776.1 Euryarchaeota archaeon

AYV79674.1 Faunusvirus sp.

MCOG01000753.1 Neocallimastix californiae

XP_011388456.1 Ustilago maydis

WP_008440177.1 Halorubrum

KFH69335.1 Mortierella verticillata

WP_056284099.1 Aeromicrobium sp.

WP_107638102.1 Staphylococcus haemolyticus

XP_012821319.1 Xenopus tropicalis

P41410.2 Schizosaccharomyces pombe
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Supplementary Figure 9. ML tree for A32 packaging ATPase. Viruses and significant hits from 
fungi were labeled by blue and orange, respectively. 
 

0.7

Viruses_AGV01511.1_Cannes_8_virus

Fungi_Botryosphaeria_dothidea_KV766099.1_215654_215884

Eukaryotes_GAQ91699.1_Klebsormidium_nitens

Viruses_YP_009165305.1_Mollivirus_sibericum

Viruses_YP_004894504.1_Megavirus_chiliensis

Viruses_NP_612345.1_Infectious_spleen_and_kidney_necrosis_virus

Fungi_Cystobasidium_pallidum_BCIL01000010.1_27706_27981

Bacteria_MBA42445.1_Magnetococcales_bacterium

Viruses_NP_077511.1_Ectocarpus_siliculosus_virus_1

Bacteria_PQM58854.1_Rhodobacteraceae_bacterium

Viruses_BAE96532.1_Red_seabream_iridovirus

Bacteria_MAS99881.1_Rhodobacteraceae_bacterium

Eukaryotes_GAQ92094.1_Klebsormidium_nitens

Eukaryotes_XP_014157608.1_Sphaeroforma_arctica_JP610

Viruses_YP_009143461.1_Raccoonpox_virus

Bacteria_RPH19589.1_Alteromonadaceae_bacterium_TMED7

Bacteria_MAT63066.1_Dehalococcoidia_bacterium

Bacteria_MAI17461.1_Marinovum_sp.

Bacteria_MAT11275.1_Rhodopirellula_sp.

Viruses_YP_003986942.1_Acanthamoeba_polyphaga_mimivirus

Viruses_YP_073620.1_Lymphocystis_disease_virus_-_isolate_China

Viruses_YP_004347124.1_Lausannevirus

Bacteria_MAU36502.1_Flavobacteriales_bacterium

Fungi_Gonapodya_prolifera_KQ965986.1_3576_4316

Bacteria_MBD53126.1_Acidimicrobiaceae_bacterium

Viruses_YP_009408533.1_NY_014_poxvirus

Viruses_YP_009046714.1_Armadillidium_vulgare_iridescent_virus

Fungi_Meyerozyma_caribbica_BADS01000008.1_222290_222439

Viruses_NP_078656.1_Lymphocystis_disease_virus_1

Viruses_YP_009361543.1_Pacmanvirus_A23

Archaea_MBP03998.1_Euryarchaeota_archaeon

Bacteria_MBP01538.1_Rhodospirillaceae_bacterium

Viruses_YP_008319014.2_Pandoravirus_dulcis

Bacteria_MAA78244.1_Deltaproteobacteria_bacterium

Viruses_YP_654660.1_Invertebrate_iridescent_virus_3

Bacteria_KIA89198.1_Flavobacterium_sp._JRM

Bacteria_MAF46460.1_Acidimicrobiaceae_bacterium

Eukaryotes_GAQ93088.1_Klebsormidium_nitens

Fungi_Enterocytozoon_bieneusi_CH991541.1_126431_126123

Bacteria_MBQ45948.1_Zetaproteobacteria_bacterium

Fungi_Rhizophagus_irregularis_LLXH01002729.1_7337_6747

Viruses_NP_048749.2_Paramecium_bursaria_Chlorella_virus_1
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Supplementary Figure 10. ML tree for MCP. Viruses and significant hits from fungi were 
labeled by blue and orange, respectively. 
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